Land use intensification may create habitats that organisms perceive as suitable, but where reproduction or survival is insufficient to maintain self-sustaining populations. Such conditions may qualify as ecological traps, but their existence is often hard to prove. Here, we provide a practical framework to evaluate a potential ecological trap resulting from mismatch between habitat preferences and predation risk, focusing on ground-nesting farmland birds of conservation concern. The framework is based on species-specific associations with safe or unsafe habitat types (i.e. field and landscape types with high or low nest survival), and the occurrence of risk avoidance (i.e. negative responses to predator abundances or to nest failure rates after controlling for habitat effects). Bird densities were far more influenced by field characteristics than landscape context. Corn bunting and fantailed warbler were associated with tall swards (safe habitats), and did not show risk avoidance. Tawny pipit and and Galerida larks were associated with short swards (unsafe habitats), with the former avoiding fields with high nest predation rates, and the later avoiding high mongoose abundances. Short-toed lark was associated with fields with short swards and low nest trampling rates. Results suggest that short-toed lark may be the most vulnerable to ecological trapping, because it nests on unsafe habitats and did not show predation risk avoidance. Our approach provides a practical first step to infer vulnerability to a potential ecological trap, though further research is needed to confirm this effect. Management actions increasing nest survival in short sward fields will likely favour grassland bird conservation in intensive Mediterranean farmland.
Introduction
Land use change in Mediterranean agroecosystems, either associated with the conversion of semi-natural habitats to intensive agriculture, or the abandonment of otherwise cultivated fields, has resulted in considerable loss of farmland biodiversity (e.g. Reino et al. 2010b; Sirami et al. 2010; Nainggolan et al. 2012; Carmona et al. 2017; Santana et al. 2017a, b) . Extensive managed grasslands are a key habitat in agroecosystems, and grassland birds have received increasing attention from ecologists in the last decades (e.g. Bota et al. 2005; Beja et al. 2014; Santana et al. 2014 Santana et al. , 2017a . Particular attention has been given to those species that are ground-nesters in open-habitats, and several studies, mainly from North America, have dealt with potential factors that may affect their survival rate and reproductive success (e.g. Vickery and Herkert 1995; Ribic et al. 2012) . Ground-nesting birds seem to be particularly vulnerable to land use change (e.g. Bas et al. 2009 Bas et al. , 2014 Reino et al. 2009; Santana et al. 2017a, b) , either because individuals may be forced to nest and forage suboptimal areas, or because such changes often lead to altered interactions with their natural predators. While predation is a main cause of nest failure (Martin 1988 ) and a key component for understanding nest success (e.g. Ribic et al. 2012) , existing studies seldom investigate the consequences of predation risk on habitat selection and territory establishment of ground-nesting birds (Lima 1998 ; Thomson et al. 2006; Reino et al. 2010a) .
Under conditions of rapid land use changes, it may be hypothesised that some agricultural habitats may feature cues that make them attractive to certain animal species, despite providing a poor environment for their reproduction or survival. This hypothesis is often known as an 'ecological trap', which may occur due to maladaptive habitat selection, when organisms choose poor-quality habitats above better alternatives (Kristan 2003; Battin 2004; Robertson and Hutto 2006; Gilroy and Sutherland 2007) . Although ecological traps may show high population densities, they correspond to population sinks where a species can only persist if there is a constant supply of individuals from external sources (Battin 2004; Gilroy and Sutherland 2007) . Unlike sinks, however, individuals preferentially select traps, rather than being forced into them because of saturation of source habitat; this feature renders traps particularly insidious from a species' management perspective (Kristan 2003) . Despite its conceptual value, the idea of 'ecological traps' is often difficult to test, requiring independent data on habitat selection patterns, and on the fitness of organism using selected habitats (Gilroy and Sutherland 2007; Demeyrier et al. 2016; Hale and Swearer 2016) . Different fitness measures may be used, but they are generally related to the survival of individuals or their reproductive success, preferably quantified over different time frames (Hale and Swearer 2016) . Furthermore, to be of management relevance, these changes in fitness must affect population processes, including for instance the presence of sinks potentially influencing population persistence (Schumaker et al. 2014) . In this context, therefore, it would be important to have simple and practical ways to identify potential ecological traps, which might set the stage for subsequent studies evaluating their population consequences.
In this study, we provide a practical framework to evaluate vulnerability to a potential ecological trap in an intensively used Mediterranean open farmland, characterised by pastures and fallows with high risk of nest failure due to predation and livestock trampling . Specifically, we inferred the vulnerability to nest failure for five passerines of European conservation concern, based on species-specific associations with safe or unsafe habitats types (i.e. field and landscape types with low or high nest failure probability, respectively), and the occurrence of risk avoidance (Lima 2009;  i.e. negative responses to predator abundances or nest failure rates after controlling for habitat effects). For this purpose, we modelled ground-nesting bird densities as a function of habitat variables at two scales (field characteristics and landscape context) and nest risk variables (predator abundances and nest failure rates) in a relatively high-intensive agricultural landscape. We also estimated the unique and shared contributions of habitat variables and predation risk in explaining variation in the densities of each bird species. Results were then used to identify mismatches between habitat preferences and nest predation risk consistent with the idea that intensive Mediterranean farmland may function as an ecological trap for certain ground-nesting birds of conservation importance. Finally, we list management actions that may be implemented to ameliorate the impacts of such a putative ecological trap, and to secure benefits for those species that are most susceptible to its negative impacts.
Materials and methods

Study system
The study was conducted in the coastal plateau of southwestern Portugal, covering an area of ca. 940 km 2 (37°20′-37°55′ N, 8°42′-8°50′ W). Climate is Mediterranean, with mean temperatures of about 16°C and mean annual rainfall around 650 mm, most of which falls from October to March. The flat landscape is mostly devoted to agriculture and livestock production, while forest cover is largely restricted to some woodlots, and windbreaks of planted eucalyptus and pine trees delimiting agricultural fields (Pita et al. 2009; Beja et al. 2014) . Improvements in irrigation infrastructures and efficiency in the region since the early 1990s have resulted in a progressive intensification of agricultural land uses, involving for instance the drainage of Mediterranean temporary wetlands, removal of shrublands and other semi-natural habitats, loss of fallow fields, conversion from natural to improved pastures, increases in livestock densities, and expansion of highly-intensive horticultural crops (Trigo 2003; Pita et al. 2009; Ferreira and Beja 2013) . The bird community is composed of a mixture of farmland, shrubland and woodland birds, including some ground-nesting birds typical of open farmland landscapes of south-western Iberia (Alcazar 2003) . Previous studies have shown that nest failure of groundnesting birds in the study area were mainly related to cattle grazing and predator abundances . Red fox Vulpes vulpes and Egyptian mongoose Herpestes ichneumon were the most widespread and abundant mammalian carnivores, while cattle egret Bubulcus ibis and carrion crow Corvus corone were the most widespread and abundant avian predators. Nest predation rate of artificial nests in the area was higher in fields with shorter swards, higher proportion of bare soil, located in landscapes with higher abundance of mongooses and dogs, and lower proportions of forest plantations . Trampling rates of artificial nests were highest in fields with short swards and high hedge height, located in landscapes with high dog abundance and tree line density, and low cover by semi-natural habitats and forest plantations, corresponding to the most intensive farmland landscapes ).
Sampling design
Sampling was based on a network of 57 fallow and pasture fields > 1 ha (mean ± sd: 7.4 ± 2.4 ha), which were randomly selected across the study area. Random points were generated over maps of the study area in a Geographic Information System, and they were visited to confirm that they had the target land use types. During the random selection, the selected fields were constrained to be at > 1 km from each other (mean ± sd nearest distance 1.6 ± 0.5 km), with distances computed border-to-border (Pita et al. 2009; Beja et al. 2014) . The selected fields were surveyed for ground-nesting passerines in 2002 (17 fields) and 2003 (40 fields). Predictor variables were assessed at the same time, and included field and landscape characteristics, the abundance of mammalian and avian predators, and artificial nest predation and trampling rates estimated in a previous study ).
Field and landscape characteristics
Sampling fields and their surrounding landscape were assessed using variables that have been found in previous studies to be potentially related to ground-nesting bird densities, predator abundances, and nest failure rates, both in our particular study area and elsewhere in farmland areas of southern Portugal (Moreira 1999; Delgado and Moreira 2000; Alcazar 2003; Pita et al. 2009; Reino et al. 2009; Morgado et al. 2010; Reino et al. 2010a, b; Silva et al. 2010; Moreira et al. 2012; Beja et al. 2014; Santana et al. 2017a, b) . Regarding the field characteristics, we have used nine variables reflecting sward structure, hedge characteristics, the presence of linear structures (irrigation channels, roads), and livestock occurrence (Table S1 in Electronic Supplementary Material [ESM] ). These variables were estimated using standard methods, which are thoroughly described in Beja et al. (2014) . Briefly, sward structure was characterised considering both the mean height of herbaceous vegetation and the proportion of bare soil. Estimates were based on 60 vegetation measurements, which were taken at evenly spaced points along a transect crossing the longest axis of each field, with distances between points varying according to field size. The percentage of field border surrounded by hedges (overall and arboreal only), the mean height of hedges (10 m-interval measurements), and the presence of fences, irrigation structures and roads, were characterised from measurements taken in the field. The frequency of occurrence of livestock was estimated from four or five visits to each field during the breeding season. This variable was used as proxy of grazing intensity, mainly because more accurate data on stocking rates and grazing schedule (timing and length of the period each field was grazed by livestock) was difficult to obtain from landowners.
Landscape context was characterised in a 1-km radius buffer around the centre of each field, based on 11 variables reflecting the dominant land cover types, landscape configuration, and the density of linear structures, following procedures detailed in Beja et al. (2014) (Table S1 in ESM). Briefly, a land cover map was prepared for each buffer using aerial orthophotos (year: 2002; scale 1:22000) and validated through ground-truthing. Landscape variables were then extracted in a Geographic Information System (GIS), using Patch Analyst extension (version 3.2) of Arc View ® GIS (Rempel et al. 2012) in the case of metrics reflecting the fragmentation of open farmland habitats .
Predation risk
Predators' abundance
We used linear transects to count both mammalian carnivores and avian predators (Table S1 ), which were located within the 1-km radius buffers used to describe landscape context. Mammalian carnivores were surveyed between May and June 2002, and in June 2003, based on the detection of field signs (e.g. faeces and footprints), following the methods detailed in Pita et al. (2009) . Briefly, sign surveys were made along linear transects of about 2-km length, with nearly half the transects located along the border of each sampled field (mean field perimeter±sd: 1.2 ± 0.2 km), and the other half (mean length ± sd 1.0 ± 0.1 km) following dirt tracks, fences, field edges, ditches, and riverbanks, such that dominant land uses were sampled roughly in proportion to their availability. We used the number of signs detected per km as an index of carnivore abundance .
We also considered the potential avian nest predators, which were surveyed along walked line transects (Bibby et al. 2000) . Bird census were carried out in early morning or in late afternoon, on two occasions (June and July) along one 1000-m transect in 2002, and on three occasions (April, May and June) along one 2000-m transect in 2003. Transects followed dirt tracks, and again they were located such that dominant land uses were sampled in proportion to their availability. We used the mean number of birds detected per visit and per km to index the abundance of each species (see detailed information in Beja et al. 2014 ).
Nest failure
We used an artificial nest experiment design, following the procedures detailed in previous studies (Reino et al. 2010a; Beja et al. 2014) . Briefly, we placed nests along transects perpendicular to one of the field hedges, and that were located 50-m apart from each other and from other field edges. Within each transect, nests were set at 1, 10, 25 and 50 m from the hedge. The number of transects and nests were dependent on field size, varying from 1 to 5 (mean ± sd = 4.1 ± 1.1) and from 4 to 20 (mean ± sd = 16.4 ± 4.3), respectively, which resulted in an overall total of 936 nests and a mean density (±sd) of 2.5 ± 0.8 nests/ha (range 0.9-5.4). Nests were set by a single researcher (RM) wearing latex gloves and rubber boots to avoid potential biases due to variation in nest placement criteria, and to reduce problems due to transfer of human scent. Each artificial nest was a simple depression in the soil, where two fresh quail (Coturnix sp.) eggs were placed (details in Reino et al. 2010a; Beja et al. 2014) . Quail eggs were used because they were readily available and because we wanted to minimise predation by small mammals (Roper 1992; Maier and DeGraaf 2000) , given our main interest on avian predators and mammalian carnivores. At the end of the experiment, nests were classified as trampled when we distinguished the presence of hoof marks and/or smashed eggs with no signs of predator intake, and as predated if at least one egg was missing or showed tooth marks or cracks.
Failure rates were estimated considering that predation and trampling were competing risks, and so simple proportions of nests failing due to different causes could produce biased estimates (e.g. Etterson et al. 2007 ). To disentangle this issue, we assumed that predation and trampling events were independent within each field, and that predated nests remain exposed to trampling. Therefore, trampling rate was estimated considering the total number of nests classified as trampled divided by the total number of nests exposed, while predation rate was estimated by dividing the number of nests with signs of predation by the total number of nests exposed but not trampled . Overall failure rate was estimated by summing the number of nests classified as predated or trampled, and then dividing by the total number of nests exposed (details in Beja et al. 2014 ).
Bird surveys
Bird sampling was based on the territory mapping technique (Bibby et al. 2000) . Each field was surveyed four and five times in 2002 and 2003, respectively, at about 2-week intervals, from April to mid-June. In each visit, the entire field was walked so that the observer approached to less than 50 m of every point. All birds were identified and their location and behaviour were recorded on detailed field maps (1, 2000) . Surveys were always carried out within 4 h after sunrise and 3 h before sunset, while avoiding rainy or strong wind conditions. Sampling and the estimation of breeding territories from field sketches were carried out by the same observer in both years (RM). Bird densities were expressed as the number of territories per 10 ha. The study focused on ground-nesting species that occurred in at least 25% of the sampled fields, i.e. Galerida larks Galerida spp., which combines crested G. cristata and Thekla lark G. theklae to avoid misidentification bias (e.g. Reino et al. 2009 ), short-toed lark Calandrella brachydactyla, tawny pipit Anthus campestris, fan-tailed warbler Cisticola juncidis, and corn bunting Emberiza calandra.
Data analysis
We modelled variation in bird densities in relation to field characteristics, landscape context, and either predator abundances or nest failure rates. Prior to analyses, variables were appropriately transformed to reduce skewness and thus the unduly influence of extreme values (Table S1) , and principal component analyses (PCAs) were used for field, landscape and predator sets of variables to identify clusters of collinear variables. We then extracted from each of these clusters a single representative variable to be used in subsequent analysis (Dormann et al. 2013; Beja et al. 2014; Schindler et al. 2008 Schindler et al. , 2015 . Applying this procedure, 11 variables were selected (Tables S1 and S2 ). The dominant gradients of field variables in the study area were related to the proportion of field border with hedges, vegetation height, hedge height, and the amount of bare soil and presence of roads (Table S2 ). The dominant landscape gradients were related to agricultural fragmentation, dominance of agricultural land uses, density of tree lines and irrigation channels, and cover by tree plantations (Table S2 ). The PCA revealed gradients of predator abundance related to contrasting abundance of Eurasian jay Garrulus glandarius versus white stork Ciconia ciconia, joint increases in the abundance of Egyptian mongoose and red fox, and contrasting abundances of carrion crow versus domestic dogs (Table S2) .
Modelling was based on generalised linear models (GLM), using Gaussian error distribution and identity link for bird densities. The potential effects of surrogates of perceived (i.e. predator abundances) and actual (i.e. nest predation or trampling) risks of reproductive failure were accessed alternatively. Model building was based on the Information Theoretic (IT) approach, using the Akaike Information Criterion corrected for small sample sizes (AICc), with the best fitting model having the lowest AICc and consequently the highest Akaike weight (w i ) (Burnham and Anderson 2002) . Candidate models were built considering all possible subsets of the final set of 11 predictor variables. The probability that a variable is included in the best fitting models was estimated by summing the w i for all candidate models where the variable was included. For each variable and each model, selection probabilities were computed as the sum of the AICc weights of the models where the variable was present. Multimodel Inference (MI) was used to assess the magnitude of the effects of predictors on the response variables, which is based on an estimated weighted average across all models, based on Akaike weights (Burnham and Anderson 2002) . Unconditional standard errors were used to evaluate the precision of model average estimates using a 95% confidence interval.
To estimate the unique and shared effects of sets of variables on bird densities, we used a variation partitioning approach for the three sets of variables (Legendre and Legendre 2012) . The procedure started by building separate models for each set of variables using the IT approach, and then selecting the best performing model using AICc. A single model per set of variables was used in variation partitioning, because this procedure does not accommodate average models.
Results
The most widespread birds were corn buntings (77% of fields) and fan-tailed warblers (63%), which also showed the highest mean densities (2.5 ± 2.2 and 1.9 ± 2.2 territories/10 ha, respectively). Tawny pipits (1.0 ± 0.9 territories/10 ha) and Galerida larks (1.0 ± 1.3 territories/10 ha) occurred at lower densities and were detected in 67 and 56% of the fields, respectively. Short-toed larks were less widespread (30% occurrence) and abundant (0.5 ± 0.9 territories/10 ha).
Bird densities were consistently strongly influenced by sward height, with positive effects on corn buntings and fantailed warblers, and negative effects on tawny pipits, Galerida larks and short-toed larks (Table 1, Table S3 ). Corn buntings and short-toed larks were also negatively and positively related to bare ground, respectively. Fan-tailed warblers were negatively related to hedge enclosure, whereas Galerida larks were positively related to hedge enclosure and negatively related to hedge height. Landscape-level effects involved tree line density, with positive and negative relations to fan-tailed warbler and short-toed lark, respectively ( Fig. 1 and Table 1 ). Predators' effects on bird's density were only strongly supported in the case of Galerida larks, which were negatively related to Egyptian mongoose abundances. Tawny pipit densities were negatively related to nest predation rates, while densities of fan-tailed warbler and short-toed lark were negatively related to nest trampling rates (Table 1) .
Variation partitioning indicated that variables describing field characteristics explained most variation in bird densities for all species, though for some species other components were also important (Fig. 1) . For corn buntings and fantailed warblers, there was also a relatively large proportion of shared variation between field characteristics and risk variables, particularly with nest failure rates (Fig. 1a, b) . This probably resulted from a double effect of sward characteristics on both bird densities and nest failure rates, with taller swards favouring high densities of corn bunting and short-toed lark, and lower nest predation and trampling rates . Tawny pipit densities were also influenced by nest failure, and by a negative component of shared variation between field characteristics and nest failure (Fig. 1c) . This negative component was probably a consequence of a common response to two explanatory variables that were negatively correlated with each other, i.e. tawny pipit densities were negatively related to both sward height and predation rate, while predation rate increased with decreasing sward height (Table  S3) . Galerida lark densities were also related to predator abundance, and all shared components of explained variation were low (Fig. 1d) . Finally, for short-toed larks, there was also a relatively high component of shared variation between field characteristics and nest failure (Fig. 1e) , probably resulting from the positive association between short-toed larks and fields with high nest predation rate (Table S4 and S5).
Discussion
Habitat selection
All analysed bird species showed strong responses to vegetation structure at the field scale. Corn bunting and fan-tailed warbler reached the highest densities in fields with tall swards, while Galerida larks, short-toed lark, and tawny pipit were most abundant in short sward fields. Considering the results of a previous study carried out in the same area showing a strong negative relation between herbaceous vegetation height and nest predation risk , it seems that the first two species are associated with safe nesting habitats, while the later three species tend to nest in unsafe habitats. The results obtained may reflect general patterns for the target species, as other studies have reported similar associations between (i) corn buntings and tall and dense herbaceous vegetation (Moreira 1999; Delgado and Moreira 2000; Brickle et al. 2000) , (ii) fan-tailed warblers and tall swards (Moreira 1999; Delgado and Moreira 2000) , (iii) tawny pipits and short and sparse herbaceous vegetation (Delgado and Moreira 2000; Grzybek et al. 2008) , (iv) short-toed larks and short swards Table 1 Summary results of the average generalised linear models relating breeding bird densities with variables describing field characteristics, landscape context, and predation risk in a Mediterranean farmland of south-western Portugal. In each case, models were built using either predator abundances (Predation risk) or nest predation and trampling rates (Nest failure). For each species, the table gives the selection probabilities of each variable, and the directions of association of variables for which the 95% CI of model averaged regression coefficient do not include zero (in bold)
Bird density with a high proportion of bare soil (Moreira 1999; Serrano and Astrain 2005) , and (v) Thekla larks with short swards and the presence of shrubs (Moreira 1999; Reino et al. 2010b ). In contrast to other studies, responses to landscape scale variables were weak, though landscape features are known to strongly affect bird abundances and nest predator distributions (Brotons et al. 2005; Pita et al. 2009; Reino et al. 2010a, b; Santana et al. 2017a) . Reasons for this are uncertain, but one possibility is that the gradient of landscape variation represented in the study area was relatively narrow, with conditions favouring species that select habitats mainly at the local scale. In fact, the study area missed large expanses of extensive pastureland and arable crop fields, which in other areas of the Iberian Peninsula are favoured by grassland specialists associated with open farmland habitats, such as the little bustard Tetrax tetrax (Silva et al. 2010 ) and calandra lark Melanocorypha calandra (Morgado et al. 2010) . These species are known to be highly sensitive to landscape-level processes, but they were absent from our study area. Therefore, the ground-nesting bird community was characterised by small passerines that may be less sensitive or even indifferent to landscape fragmentation, selecting nesting habitats at the local scale in a study area characterised by finegrained land cover and high land use heterogeneity, where fields were relatively small and enclosed by tree lines and other hedges. 
Risk avoidance
Our results are in line with the view that birds may avoid breeding where nest survival is potentially low (Lima 2009 ). This was supported by the negative relations between Galerida larks, short-toed lark, and tawny pipit density with risk indicator variables, either the abundance of predators or nest failure rates. For corn bunting and fan-tailed warbler, however, variation partitioning suggested that bird densities were primarily related to field variables, with little additional contribution by risk indicator variables. This was probably a consequence of the two species selecting comparably safe habitats in tall sward fields , where further adjustment for nest failure risk may be unwarranted. The other three species analysed were mostly associated with unsafe habitats, and thus they may have strategies to reduce the risk of nest failure by avoiding areas where the risks of predation or trampling are particularly high. This appeared to be the case for the tawny pipit, as the species was positively associated with short swards, but it also showed a negative relation with nest predation rates. This suggests that although the species was associated with unsafe nesting habitats, it might be able to perceive predation risk and thus to avoid the most risky areas. Some support for risk avoidance was also found for Galerida larks, as suggested by the inverse relation between their densities and the abundance of mongooses. Mongooses are one of the most widespread carnivores in the study area (Pita et al. 2009) , and nest predation rates are positively correlated with their abundance .
In contrast to these two species, the short-toed lark selected unsafe habitats and avoided areas with high nest trampling rates, but it did not show significant responses to either predator abundances or nest predation rates. This may reflect a reduced perception of predation risk, though it may also be a consequence of an inflexible habitat selection behaviour and a strong association with ploughed and bare ground fields, where vegetation is sparse and short and thus predation risk is inherently high. Clearly, more research involving experimental manipulation is needed to fully disentangle the mechanisms that may produce the patterns found, as for instance variation in densities may be caused by either behavioural avoidance of areas with high predation risk (i.e. risk avoidance), or by the lethal effects of predators locally depressing bird populations (Lima 2009 ).
Vulnerability to ecological traps
Our study suggests that at least some ground-nesting species in intensive Mediterranean farmland may be vulnerable to an ecological trap, as they selected fields where nest predation risk was inherently high and did not show risk avoidance strategies. This result agrees with other studies carried out in Mediterranean farmland, showing that agricultural habitats may be suboptimal (e.g. cereal fields in Iberia), and they may work as ecological traps for specific species (e.g. Alectoris rufa) (Casas and Vinuela 2010) . In our particular study, this ecological trap effect is underlined when species are classified in a cross-table contrasting species selecting safe versus unsafe habitats with species ignoring or avoiding risks (Fig. 2) . In this table, the short-toed lark stands out as the sole species that simultaneously selected unsafe habitats and ignored risks, while all the others either selected safe habitats (corn bunting and fan-tailed warbler), or selected structurally unsafe nesting habitats but showed risk avoidance (Galerida larks and tawny pipit). Therefore, the short-toed lark seems to be the species most vulnerable to an ecological trap, which may have consequences on their distribution, population dynamics and conservation.
Although our study highlighted the potential of an ecological trap affecting one species of conservation concern, care is needed when interpreting our results, due to the difficulties in identifying and characterising ecological traps. For instance, we have measured only one component of fitness (nest survival), which might be compensated by other components such as increased adult survival or larger brood sizes (Latif et al. 2011) , and thus ultimately have little consequence for population dynamics. It should be noted, however, that nest failure is known to have strong negatives effects on adult body condition (Suárez et al. 2005a, b) and population growth rates (Yanes and Suárez 1996; Vögeli et al. 2011) in Mediterranean grassland birds. Also, we assumed in our study that habitat associations were mainly driven by species preferences, but it is possible that they also reflect other processes such as interor intraspecific competition (Robertson and Hutto 2006; Pärt et al. 2007; Gilroy et al. 2011; Schindler et al. 2012 ). In the case of short-toed larks, however, it is unlikely that individuals were driven to use high risk habitats due to competition with conspecifics, because the densities of the species across the study area were always relatively low. Interspecific competition is also unlikely to have affected the observed patterns, because the only species hypothesised to constrain the
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Fan-tailed warbler tailed warbler Short-toed lark Fig. 2 Schematic representation of the susceptibility of five Mediterranean grassland birds of conservation concern to an ecological trap resulting from the combined effect of nest predation and trampling, based on the safety of their breeding habitats and risk avoidance behaviour distribution of short-toed larks is the calandra lark ), which was absent from the study area. Overall therefore, our study provides preliminary evidence for the vulnerability of short-toed larks to an ecological trap, though further research is needed to confirm this result and to quantify the extent to which it may affect its populations.
Conservation implications
Although our study did not meet all the requisites for unequivocally demonstrating the presence of an ecological trap (Battin 2004; Robertson and Hutto 2006) , we argue that it provided some evidence that habitat selection by certain Mediterranean grassland birds may become mismatched with fitness components, thus justifying the need for specific investigation and precautionary conservation action to avoid population declines. This is particularly important because the effects of this potential trap may be increasing due to ongoing agricultural intensification in some areas of the Mediterranean region, associated with a shift from extensive cereal cultivation and sheep grazing in open farmland landscapes, to irrigated cultivation of a variety of crops and increased grazing by cattle in heterogeneous farmland (Ribeiro et al. , 2016 . This process is often associated with the fragmentation of open farmland habitats, due to the expansion of road networks and irrigation infrastructures, and to increases in the variety of crops produced and landscape heterogeneity (Santana et al. 2017a, b; Ribeiro et al. 2016 ), which in turn may benefit a range of generalist predators and thus predation pressure (Pita et al. 2009; Reino et al. 2010a) . Furthermore, there is evidence that one of the key predators identified in this study, the Egyptian mongoose, may thrive under agriculture intensification (Pita et al. 2009 ), which together with its current expansion in the Iberian Peninsula (Recio and Virgós 2010) may contribute further to increase predation pressure in intensive farmland. Seemingly, increasing livestock densities may enhance trampling risk (Pakanen et al. 2011 ), further reducing nest success. The association of a possible ecological trap with agricultural intensification in Mediterranean farmland is of conservation concern, as it may contribute to population declines of grassland bird species nesting in grazed fields with short swards. Solving this problem requires, first and foremost, the maintenance of sufficiently large areas of open farmland habitats dominated by rotational cereal cultivation and sheep grazing, where there is presumably lower pressure of nest predation (Pita et al. 2009; Reino et al. 2010a) , and also lower trampling compared to more intensive systems. The protection of these farmland landscapes is important for a range of bird species of global and European conservation concern, mostly involving agro-environmental subsidy schemes targeted at avoiding land abandonment and agricultural intensification (Stoate et al. 2009; Ribeiro et al. 2018) .
Eliminating or reducing the negative effects of an ecological trap in intensive farmland landscapes may be challenging (Gilroy and Sutherland 2007) . The most feasible and less contentious option might probably be to exclude cattle from at least some fields suitable for the short-toed lark during the critical breeding period (April-May), thereby eliminating the risk of nest trampling and likely increasing breeding success (Sabatier et al. 2010; Pakanen et al. 2011) . Exclusion of the most important nest predators through the use of fences or other appropriate technique might also be an option (Smith et al. 2011 ), but implementation may be difficult and costly at sufficiently large spatial scales, except perhaps in the case of domestic dogs. Finally, predator removal is also a potentially valuable option to reduce nest predation rates (Fletcher et al. 2010; Smith et al. 2010 ), but its large-scale application may be difficult because it is controversial and of uncertain effectiveness. Given these uncertainties, we suggest that a range of management techniques to increase nest survival should be implemented and evaluated under controlled experimental conditions, thereby contributing for the development of effective and evidence-based management guidelines. Concurrently, research should be carried out to confirm and characterise this potential ecological trap for ground-nesting birds in Mediterranean farmland, with a particular focus on its population level effects.
